Introduction {#S0001}
============

Breast cancer is the most common cancer type in women. Its annual incidence increases as the age gets older. It constitutes approximately 30% of the malign diseases which occur commonly in women and 16% of deaths due to cancer in women. Because of the success of mammography in early diagnosis and the advances in chemotherapy and radiotherapy, the treatment of breast cancer varies frequently and includes many treatment combinations. Breast conserving therapy (BCT) is the current surgical standard treatment in breast cancer and modified radical mastectomy/radical mastectomy, which is another optimal treatment in appropriate cases, includes full dissection of the breast, musculus pectoralis major and minor and the axilla. However, its unacceptable outcomes in terms of cosmetics and function have brought modified radical mastectomy forward featuring preservation of the musculus pectoralis major \[[@CIT0001]\]. Radiotherapy is absolutely administered after breast preserving surgery. Axillary dissection treats axillary metastatic lymph nodes. The status of the lymph nodes as a result of axillary dissection is important in determining the indication and intensity of adjuvant chemotherapy \[[@CIT0002]\]. In patients with diffuse axillary lymph node metastasis, radiotherapy to the axillary region is administered additionally. Radiotherapy to the mammaria interna (MI) lymph node chain is administered in patients with high risk. Lymphoscintigraphy shows that high drainage is present in MI lymph nodes in breast cancer localized in the middle and internal quadrants even in early stages \[[@CIT0003], [@CIT0004]\]. In radiotherapy for breast cancer, different techniques can be used because of the anatomical variance of the region and depending on whether MI is included in the target volume. These include standard technique, wide area (WA) technique, photon-electron (PE) technique and oblique electron (OE) technique. Studies have shown that radiotherapy decreases local-regional recurrence rates from 33% to 9% and below \[[@CIT0005], [@CIT0006]\]. However, there are also some studies which have shown that the benefit of radiotherapy in breast cancer treatment is balanced with early and late toxicity \[[@CIT0007], [@CIT0008]\]. The authors who recommended radiation of MI lymph nodes aimed to perform the therapy with the best technique. As stated in many publications, cardiac tissue is exposed to some degree of radiation in radiotherapy of the left breast and chest wall and consequently a small increase in cardiac deaths is observed in the long term \[[@CIT0009]--[@CIT0011]\]. Use of wedge filters, collimation system, dynamic multileaf collimator and three-dimensional tomography-based planning system is recommended to provide a homogeneous distribution of dose in the target volume, to decrease the dose administered to the heart and lung and to decrease cutaneous reactions \[[@CIT0012]--[@CIT0016]\]. Other than these radiotherapy techniques, intensity-modulated radiotherapy (IMRT), helical tomotherapy and proton beam treatment provide better dose reductions for critical organs \[[@CIT0017]\].

Among these techniques, WA technique and PE technique include MI lymph node radiation. In WA technique, tangential photon areas are used in a way that MI is included. PE technique can be administered in three ways: oblique photon-electron (OPE) technique, vertical photon-electron (VPE) technique and OE technique. In OPE technique, photon-electron beams are applied to the MI area obliquely in parallel with the tangential area. In VPE technique, they are applied vertically to the chest wall while the gantry angle is 0 degrees. In OE technique, the electron beam is applied in parallel with the tangential area including the lateral point of the breast. The breast is treated by using the medial and lateral tangential photon areas. Use of a CT-based three-dimensional planning system has decreased the risk of cardiac death by 50% excluding an important amount of normal tissue (heart, lung) outside the radiation area \[[@CIT0018]\]. There are studies which have reported that the lung volume exposed to radiation in OPE technique is decreased compared to the standard and WA techniques and a non-homogeneous dose distribution is obtained in the volume exposed to radiation in WA technique, since the width of the lateral area is increased \[[@CIT0019]\]. Arthur *et al*. \[[@CIT0020]\] emphasized the problem arising from the depth of MI lymph node and recommended use of multiple sections with computed tomography (CT) providing the target volume to be kept inside the reference equal dose. In patients with large breast volume, dose inhomogeneity is high inside the breast volume; there are studies which have shown that 10% of the breast volume is equal to or higher than 110% of the defined dose \[[@CIT0021]--[@CIT0023]\].

The aim of this study was to calculate the dose homogeneity inside the target volume, the doses received by the breast volumes and the doses of the critical organs (heart, lung) and MI. The techniques to be compared were determined to be WA, OPE, VPE and OE techniques. 12 female patients with left breast cancer who had undergone breast preserving surgery were included in our study. The fact that the patients had left breast cancer provided cardiac dose analyses to be performed. Treatment techniques were compared in all patients. The accuracy of the treatment planning system was checked using an ion chamber in a solid water phantom.

Material and methods {#S0002}
====================

Patients {#S20003}
--------

Patients with left breast cancer who had undergone direct surgery (mastectomy) or breast preservation surgery were included in our study. A total of 12 patients were treated in Dicle University, School of Medicine, Department of Radiation Oncology. The mean age of the patients was 55, ranging between 33 and 65 years. Patients with right breast cancer were excluded to evaluate the cardiac dose.

Computed tomography simulation {#S20004}
------------------------------

Computed tomography sections were taken from the chin up to the upper abdominal region with three-millimeter intervals. The images obtained from CT were used to transfer the target volume and critical organ contours onto the computerized treatment planning with a digitizer. The contours of the heart, lung, left breast, right breast and MI were determined for each section. The contour of the left breast was marked by placing a wire along CT scanning. In all patients, the posterior border of the left breast inside the target volume was selected as the rib-lung interface. The superior border was selected 3 mm below the skin surface. The cranial border of the target volume was determined to be the lower part of the clavicular head. The contour of the target volume planned for MI (PTV) was taken according to the localization of MI lymph nodes. This volume was extended from the first intercostal interval to the xiphoid bone craniocaudally.

Set-up was performed in all patients with the shaded surface display technique (SSD technique). Since the reference point had to be inside the patient contour, this point was placed in the center of the breast area. In all techniques, gantry angles were adjusted so that the posterior edge of the tangentials was parallel. To achieve an accurate set-up with SSD technique the collimator angle was given or 1--2 was not given. In addition, we superimposed the areas by superposing the wires placed on the area edges during simulation. In WA technique, maximum lung width was adjusted to be smaller than 3 cm ([Fig. 1A](#F0001){ref-type="fig"}). With the help of the view image in the direction of the beam the amount of the lung volume inside the area was determined craniocaudally. The beam edge image on the patient\'s surface was observed in two-dimensional planning.

![Treatment areas on the patient\'s surface. In all three techniques, SSD technique was used so that the localization of the reference point remained the same in all set-ups. A) In WA technique, the edge of the internal tangential areas was opened more broadly including MI. B) In PE technique, the internal and external tangential areas of the breast were treated. The edges of the oblique or vertical electron areas opened for MI were combined with the edge of the internal tangential area. C) In OE technique where MI is included in the target volume, the lateral point region was taken in parallel with the oblique electron area and the external tangential area. D) In OE technique where MI is not included in the target area, the lateral point region was taken in parallel with the oblique electron area and the external tangential area](WO-17-20853-g001){#F0001}

PE techniques were simulated on the CT and simulator device ([Fig. 1B](#F0001){ref-type="fig"}). While the preserved breast and chest wall were planned with photon beam with SSD, a separate area in parallel with the tangential area was opened in OPE technique for MI and a separate area perpendicular to the chest wall was opened in VPE technique. The applied beam was planned as electron and photon combination. In both PE techniques, the concentric area of both photon and electron areas was placed on the skin (SSD technique). In the tangential area, the concentric area was placed in the center of the area determined in CT sections so that the interval between the source and the skin was 80 cm. The right lateral edge of the electron area was placed 3 cm laterally to the sternal middle line and the left lateral edge was combined with the edge of the internal tangential photon area on the skin surface. Generally, an area width of 5--6 cm was selected. The length of the electron area was extended so that the edges of the internal and lower quadrants were irradiated. The upper edge of the electron area and the upper edge of the tangential photon areas were at the same level. In OE techniques, the lateral point area of the breast was taken in parallel with the electron area and the tangential areas. The length of the electron area was extended as the length of the breast area ([Fig. 1C](#F0001){ref-type="fig"}, [D](#F0001){ref-type="fig"}).

Since the upper border of the tangential areas is in the same localization in all techniques in all patients, the lower border of the supraclavicular area is superposed on this upper border and the size, depth and localization of the area do not change for the supraclavicular area, the irradiated lung volume is the same. In all three techniques, CT images, organ contours, target volume and beam information were transferred to the planning system using a digitizer. The Target 1.2.0(GE) system was used in two-dimensional planning and dose optimization.

In WA technique, dose distributions were optimized using a wedge filter ([Fig. 2](#F0002){ref-type="fig"}). In all plannings, lung inhomogeneity was corrected. In PE and OE techniques, optimization in electron areas was provided considering gantry angle, beam weight and the patient\'s width ([Figs. 3](#F0003){ref-type="fig"}--[5](#F0005){ref-type="fig"}). The contralateral breast was made to be excluded from the irradiation area by checking the edges of the tangential area with an image program in the direction of the beam. Warm areas were not more than 115% of the applied dose in beam overlap regions. The dose was planned as a total of 45 Gy in 25 fractions. While ^60^Co gamma photon energy was used in all techniques, an electron beam was used only in PE and OE techniques. Since MI lymph node depth was smaller than 3 cm, the energy was selected as 9 MeV. In PE technique, MI area was irradiated so that 2/5 of the total dose was electron beam and 3/5 of the total dose was photon beam. In OE techniques, the breast point region was irradiated so that the dose ratios of the electron area and the tangential photon area were equal.

![Dose distribution in the WAT in a spared breast. The left breast, left lung, heart and MI contours are indicated. Different equivalent dose curves are shown](WO-17-20853-g002){#F0002}

![Dose distribution in the OPET in a spared breast. The left breast, left lung, heart and MI contours are indicated. Different equivalent dose curves are shown](WO-17-20853-g003){#F0003}

![Dose distribution in the VPET in a spared breast. The left breast, left lung, heart and MI contours are indicated. Different equivalent dose curves are shown](WO-17-20853-g004){#F0004}

![Dose distribution in the OE(mi+) technique in a spared breast. The left breast, left lung, heart and MI contours are indicated. Different equivalent dose curves are shown](WO-17-20853-g005){#F0005}

Data collection and statistical analysis {#S20005}
----------------------------------------

Maximum mean percentage dose values for the left breast, MI, left lung and heart and volume percentages for different reference doses were calculated with standard deviations. Treatment techniques were compared using (%) values of the difference of the mean values for each critical structure.

Results {#S0006}
=======

Left breast volume {#S20007}
------------------

In all techniques, the left breast was wrapped in accordance with the defined equal dose. When the three techniques were compared with each other in terms of volume percentages of the left breast irradiated for each reference dose, no statistically significant difference was observed. These values are shown in [Table 1](#T0001){ref-type="table"} in detail. The localization of high dose regions was observed to change depending on the treatment technique. Warm regions were observed to form in the entries of the internal and external areas in WA technique and in the overlap region of the tangential photon area and electron area in PE and OE techniques ([Figs. 3](#F0003){ref-type="fig"}--[5](#F0005){ref-type="fig"}). In all three techniques, high dose values observed were found to be decreased as one goes from the central section to the lower and upper sections.

###### 

When 45 Gy PTV is targeted, total dose percentage of the left breast and irradiated volume percentages for different reference doses

  Technique   Volume percentages for reference doses   Total dose; *p*-value (%)               
  ----------- ---------------------------------------- --------------------------- ----------- -----------
  VPET        95.5 ±2.0                                55.4 ±1.5                   12.2 ±0.3   101; NS
  WAT         94.7 ±1.3                                55.9 ±0.8                   6.3 ±0.1    101.6; NS
  OPET        96.1 ±1.9                                55.7 ±1.3                   11.5 ±0.2   101.5; NS
  OE(mi+)     95.8 ±1.7                                56.3 ±1.0                   12.0 ±0.2   101.6; NS
  OE(mi--)    95.1 ±2.4                                55.5 ±1.2                   11.7 ±0.3   101.5; NS

VPET -- vertical photon-electron technique; WAT -- wide area technique; OPET -- oblique photon-electron technique; OE(mi+) -- technique where mammaria interna area is included in the irradiated left breast volume; OE(mi--) -- technique where mammaria interna area is included in the irradiated left breast volume; SD -- standard deviation; NS -- not significant.

Data are given as percentage ± standard deviation. No statistically significant difference was found between the groups.

Covering MI lymph nodes {#S20008}
-----------------------

In WA, PE and OE techniques, MI was covered appropriately in all patients who were irradiated. When the irradiated MI volume percentages were compared for each reference dose, they were found to be significantly higher in WA technique compared to PE and OE techniques. Values are given in [Table 2](#T0002){ref-type="table"}. The total dose percentage was found to be 100.2% for WA technique, 85.5% for OPE technique, 90.8% for VPE technique and 88.1% for OE technique where the mammaria interna was included.

###### 

When 45 Gy PTV is targeted, total dose percentage of mammaria interna and irradiated volume percentages for different reference doses

  Technique   Volume percentages for reference doses   Total dose; *p*-value (%)                            
  ----------- ---------------------------------------- --------------------------- ----------- ------------ ----------------
  WAT         98.3 ±2.3                                92.1 ±2.1                   50.3 ±1.1   25.8 ±0.6    100.2; \< 0.05
  OPET        80.0 ±2.7                                34.9 ±1.2                   2.8 ±0.4    0.69 ±0.02   85.5; NS
  VPET        84.8 ±2.5                                36.7 ±1.1                   3.6 ±0.1    0.90 ±0.03   90.8; NS
  OE(mi+)     82.1 ±2.7                                37.3 ±1.1                   3.3 ±0.1    0.80 ±0.02   88.1; NS

VPET -- vertical photon-electron technique; WAT -- wide area technique; OPET -- oblique photon-electron technique; OE(mi+) -- technique where mammaria interna area is included in the irradiated left breast volume; SD -- standard deviation; NS -- not significant.

Data are given as percentage ± standard deviation. The difference between WA and PE and OE techniques was found to be statistically significant (p \< 0.05).

Lung volume {#S20009}
-----------

When the irradiated lung volume percentages were compared for each reference dose without considering the supraclavicular area, OE technique and oblique PE technique were found to be statistically different. The results are shown in [Table 3](#T0003){ref-type="table"}. When the supraclavicular area was included in the calculation, a 10% increase in volume percentages was found, but it was not separately included in the evaluation, since the supraclavicular area is the same in all techniques for all patients.

###### 

When 45 Gy PTV was targeted, total dose percentage of the left lung and the irradiated volume percentages for different reference doses

  Technique   Volume percentages for reference doses   Total dose; *p*-value (%)              
  ----------- ---------------------------------------- --------------------------- ---------- ---------------
  VPET        12.0 ±4.9                                11.4 ±4.5                   10 ±3.9    12; NS
  WAT         12.5 ±4.3                                11 ±3.8                     10 ±3.6    14; NS
  OPET        19.0 ±3.6                                18 ±3.5                     16 ±3.4    19.7; \< 0.05
  OE(mi+)     6.4 ±3.4                                 6.2 ±3.3                    5.4 ±2.8   6.6; \< 0.05
  OE(mi--)    7.1 ±3.6                                 6.8 ±3.5                    6.0 ±3.1   7.3; \< 0.05

VPET -- vertical photon-electron technique; WAT -- wide area technique; OPET -- oblique photon-electron technique; OE(mi+) -- technique where mammaria interna area is included in the irradiated left breast volume; OE(mi--) -- technique where mammaria interna area is included in the irradiated left breast volume; SD -- standard deviation; NS -- not significant.

The data are given as percentage ± standard deviation. A statistically significant difference was found between oblique PE and OE techniques and the other techniques.

###### 

When 45 Gy PRV was targeted, total dose percentage of the heart and their radiated volume percentages for differrent reference doses

  Technique   Volume percentages for reference doses   Total dose; *p*-value (%)              
  ----------- ---------------------------------------- --------------------------- ---------- ---------------
  VPET        24.2 ±2.6                                11.7 ±2.0                   6.0 ±1.0   29.2; \< 0.05
  WAT         9.7 ±2.8                                 8.8 ±2.5                    7.1 ±2.0   17.8; \< 0.05
  OPET        19.8 ±5.8                                19.8 ±2.7                   4.3 ±1.2   23.8; \< 0.05
  OE(mi+)     7.4 ±2.8                                 7.4 ±1.3                    1.6 ±0.5   8.9; NS
  OE(mi--)    6.2 ±2.5                                 6.2 ±1.0                    1.6 ±0.7   7.4; NS

VPET -- vertical photon-electron technique; WAT -- wide area technique; OPET -- oblique photon-electron technique; OE(mi+) -- technique where mammaria interna area is included in the irradiated left breast volume; OE(mi--) -- technique where mammaria interna area is included in the irradiated left breast volume; SD -- standard deviation; NS -- not significant.

The data are given as percentage ± standard deviation. The difference between PE, OE and WA techniques was found to be statistically significant (p \< 0.05).

Heart volume {#S20010}
------------

The volume percentages of the heart irradiated are given in Graphic 4.4 for the reference doses of 20, 30 and 40 Gy. In PE techniques, the volume percentage of the irradiated heart is significantly higher compared to WA technique at the reference dose of 20 Gy. In OE techniques, the volume percentage of the irradiated heart is significantly smaller compared to PE and WA techniques. However, at higher reference doses this was not maintained.

Discussion {#S0011}
==========

Radiotherapy of MI lymph nodes is not as standard as axillary and supraclavicular lymphatic radiotherapy in terms of both indication and application technique. Physicians who wish to treat MI lymph nodes should consider radiation toxicity carefully, because there are studies which show that the benefit of breast cancer radiotherapy is balanced by early and late toxicity \[[@CIT0024]--[@CIT0026]\]. Many RT techniques which include IMRT investigate the effect of increasing homogeneity in the PTV and preserving healthy tissues (toxicity decreasing effect) \[[@CIT0027]--[@CIT0034]\]. In this study, broad area technique which selects the MI region as the target area, oblique photon electron technique, vertical photon electron technique and oblique electron technique were compared. Because of presence of adjacent critical organs and variance of anatomical structure in breast radiotherapy, different irradiation areas are used with different gantry angles and photon electron combinations. This brings along the problem of area overlap such as warm area and cold area. Generally, problems in radiotherapy technique become prominent in obese patients and it is difficult to administer an appropriate treatment with any technique. For example, including MI is difficult in obese patients especially with PE and OE techniques, because marked reductions occur in dose values in increasing depths of MI. The depth of MI also varies depending on the patient and the deepest localization is at the level of the first three costae and intercostal spaces. In some obese patients, the depth of MI has been found to be larger than 6 cm (Kaplan *et al*. 1988). Most of the lymphatic drainage of the breast occurs in MI lymph nodes in this upper level. In our study, inclusion of MI was found to be better in WA technique compared to PE and OE techniques. This was in parallel with the results of the literature \[[@CIT0019], [@CIT0020]\]. While Dogan *et al*. \[[@CIT0035]\] irradiated MI with a volume percentage of 93.5% at the reference dose of 45 Gy, the mean value in our study was found to be 92.1%. Van Der Laan *et al*. \[[@CIT0036]\] found the volume of the mammaria interna irradiated to be 98.5% in the 3D planning system, 98.5% in photon IMRT and 98.6% in photon electron IMRT in their study which they performed using advanced technology devices. In our study, marked reductions were observed in MI volume irradiated at higher doses compared to the reference dose of 40 Gy with PE and OE techniques and this can be attributed to rapid energy loss of electron beams in deep tissues. In the study performed by Severin *et al*. \[[@CIT0019]\], MI lymphatics were included in broad tangential areas, a special protection block for the lung tissue was used and the target volume received at least a 45 Gy dose in all patients. Wide area techniques adapt more easily to the change in the depths of target volume. To avoid the problems arising from the change of MI depth, routine use of CT sections in breast plannings and lymphoscintigraphy may be recommended.

Irradiated left lung volume may change due to the variance of the anatomical structure and breast volume. In our study, the differences in the irradiated lung volume depend on the tangential areas and MI area, since the same supraclavicular fossa area is used in all techniques for all patients. In each five techniques where the supraclavicular fossa area is included in irradiation, an increase of 10% was observed in the irradiated left lung volume. In the study performed by Severin *et al*. \[[@CIT0019]\], addition of the supraclavicular fossa area contributed a percentage of 10--11% to the left lung volume irradiated. In our study, all techniques were found to be similar in terms of the left lung volume irradiated independent of the inclusion or exclusion of the supraclavicular fossa area in the irradiation.

The volume of the left lung irradiated for the reference dose value of 20 Gy was found to be 12% with vertical PE technique, 12.5% with WA technique, 19% with oblique PE technique, 6.4% with OE technique where the mammaria interna was included and 7.1% with OE technique where the mammaria interna was not included (Graphic 4.3). Doğan *et al*. \[[@CIT0035]\] found the volume of the left lung irradiated to be 11.9% with vertical PE technique, 12.4% with WA technique and 13.2% with oblique PE technique. Georgia Nicolini *et al*. \[[@CIT0037]\] found the mean lung volume to be 18.2% at the reference dose of 20 Gy using non-coplanar radiotherapy technique. In our study, we found this value to be 19% using oblique PE technique. In all techniques we used, the lung volume irradiated did not exceed 22%. Sung Ho Moon *et al*. \[[@CIT0017]\] found the lung volume to be 0.4% with proton beam treatment, 2.3% with IMRT, 6% with 3D-CRT and 142% with Tomo Helical at a dose of 20% of the dose defined in PTV. Among the techniques we used, the best value (6.4%) was found with OE technique where the mammaria interna was included. When we compared all techniques in terms of the volume of irradiated lung volume, it was found that the best volume values were obtained with OE.

Extended general survival which we hope to achieve with radiotherapy in breast cancer may be confounded by late cardiac deaths due to radiotherapy. This has been shown in some studies in the literature \[[@CIT0009]--[@CIT0011]\]. Therefore, it appears to be important to keep the cardiac dose as low as possible especially in patients with left breast cancer. Gagliardi *et al*. \[[@CIT0038]\] defined a dose-response relationship between the cardiac dose and late complications and reported that the risk became prominent when 20% of the cardiac volume received a dose of higher than 30 Gy. In our study, the cardiac volumes irradiated were found to be significantly larger with PE techniques compared to WA technique at the reference dose of 20 Gy. With VPE technique the cardiac volume irradiated was found to be about 24.2 ±2.6% at the reference dose of 20 Gy. However, the cardiac volume irradiated was found to be significantly larger with WA technique compared to PE technique at higher reference doses. This was attributed to rapid loss of electron energy in deep tissues. The cardiac volume irradiated was found to be about 10% for reference doses of 30 and 40 Gy. With OE techniques the cardiac volume irradiated was found to be below 10% at the reference dose of 20 Gy. According to these ratios, it can be concluded that the techniques used do not carry a significant risk in terms of late cardiac complications. As the use of chemotherapeutic drugs which harm the heart becomes widespread, it will be important to keep the cardiac volume irradiated at the lowest level.

Another important subject is the left breast. The mean doses received by the left breast volume did not show any difference in any technique. However, an increase of 10% in dose was observed in the overlap region of photons and electrons in OE and PE techniques. No difference was found between the techniques in terms of breast volume percentages wrapped with an equal reference dose of 45 Gy. Thus, the volume dose received by critical organs is more determinative for selection of the technique rather than the volume dose received by the left breast. Takeda *et al*. \[[@CIT0039]\] reported that volumes of the left breast wrapped with an equal dose of 95% had values of 95% or above as a result of the analysis of dose-volume histograms. In our study, these volume values were found to be about 95%, which was in parallel with the literature.

In conclusion, when all factors are considered, OE technique can be accepted as a more convenient and better technique compared to PE and WA techniques, because the dose received by the heart is lower while including MI in an appropriate way, warm points can be observed more prominently and a marked reduction in the lung irradiated is not present. To decrease warm regions in PE and OE techniques the localization of overlap regions should be changed at every 1000 cGy. This would lead to consumption of more time and labor. WA technique seems to be more problematic compared to the standard technique in terms of planning and treatment time. Conclusively, preference of OE techniques may be appropriate in breast cancer patients in whom the MI area is wished or not wished to be irradiated.

In breast radiotherapy, the results of the treatment techniques developed can be improved with new techniques or superior technological devices.
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